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Abstract 
Level of Service (LOS) analysis for public facilities mostly focused on the number of people that can be handled by those 
facilities and the quality of service delivered. Spatial service of public facilities usually did not considered in the evaluation of 
LOS analysis, especially in urban environment, due to the assumption that transportation modes to access public facilities are 
available homogenously. In this paper, spatial aspect of LOS of Petrol Filling Station in Surabaya City was analyzed using 
network analysis method in Geographic Information System (GIS) environment. The method used to calculate the spatial service 
is the Dijkstra’s Algorithm that resulted in a spatial coverage of each of the PFS. To calculate spatial service of PFS in Surabaya 
City, two parameters were used as the input for the algorithm, which are the required time to access PFS and the distance to the 
nearest PFS.  
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1. Introduction 
The steady increase of motorized vehicles, accompanied by constant growth of traffic generation and attraction, 
had pushed the growth of Petrol Filling Stations (PFS) in Surabaya City. As the result, because PFS is one of the 
urban facilities that are required to support the daily activities of the citizens, in current landscape of this city, SPFs 
are present throughout the city, either in its city center, along main roads, or periphery areas. Previous works related 
to the analysis of level of service (LOS) for PFS mostly focused on numerical aspects such as number of vehicles 
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served, deficit/surplus of service, and maximum capacity of PFS. In this paper, the Spatial LOS is evaluated to give 
an overview about the distribution, dispersion, and catchment area of existing PFS in Surabaya City. The orientation 
of Surabaya City within the boundary of Indonesia can be seen in Figure 1 below.  
     
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Orientation of Surabaya City, Indonesia 
Spatial Service Analysis of Petrol Filling Station can be performed within Network Analysis environment, 
because network metaphor has been used to represent the presence of urban transportation infrastructures and 
facilities, especially in transportation/land-use planning and economic geography (Porta, Crucitti, & Latora, 2006). 
Furthermore, the development of Information and Communication Technology (ICT) has enabled the systematic 
collection and management of network data sets, thus enabling the detailed analysis of network characteristics. With 
the help of computer systems, large-scale data sets such as urban transportation network and facilities can be 
analysed in detail in various aspects such as statistical and spatial aspects that can lead to the recognition of their 
characteristics, correlation patterns, and hierarchies (De Montis, Barthélemy, Chessa, & Vespignani, 2005). 
Network analysis can be utilized to evaluate a wide range of urban infrastructures, such as roads, railways, rivers, 
facilities and utilities. This spatial analysis technique in which network data is being used is usually utilized to 
calculate various type of applications such as route finding, route planning, identifying the closest facility and, 
calculation of service areas (Comber, Brunsdon, & Green, 2008).  
Network data structures were one of the earliest real-world object representations within a computer system, 
which widely known as Geographic Information Systems (GIS), and network analysis remains one of the most 
significant and persistent research areas in this field of science (Curtin, 2007). Network analysis in GIS environment 
was developed based on one of mathematical sub-disciplines, which is the graph theory. In graph theory, a network 
consists of a set of points and lines that connected those points. Descriptions of networks in graph theory can range 
from simple statements of the number of objects in the network to a more complex descriptions based on the 
structural characteristics of networks. 
Implementation of network analysis to describe and evaluate the level of service of public facilities can be 
generalized into two phases. First, the identification of levels of accessibility using a relatively straight forward 
topological and buffering technique, which resulted in the measurement of distance among facilities or between 
facilities to communities who require access to those facilities. Second, the assessment of the degree of equity based 
upon different levels of access toward facilities along the network. Equity evaluation requires analysis outside GIS 
environment, because it involves comparison of the characteristics of residents within facilities’ service area and 
with those of residents outside the service area, whom access towards public facilities can be considered insufficient 
(Nicholls, 2001). This paper focused on the first aspect, which is the implementation of network analysis to measure 
the level of spatial accessibility of PFS in Surabaya City. 
1. Methods  
Network analysis to measure spatial service is developed using graph theory, which considers transportation 
networks as a collection of graph components with a pre-defined values that made up the network. Network nodes 
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are defined as the facilities, while links between transportation nodes are representing the road networks that 
connected those facilities. The relationship between the nodes and the links is referred to as the network topology 
that can be specified by a node-link incidence matrix, which is a table of variables stating the presence or absence of 
a relationship between network elements (Fischer, 2006). The basic method of network analysis is the Routing 
Solvers, which consists of Shortest Route Finder, Closest Facility Analysis, and OD Cost Matrix solvers. Each of 
these three solvers implements two types of path-finding algorithms. The first type is the exact shortest path, and the 
second is a hierarchical path solver for reducing the required time for the analysis. The most common algorithm for 
this purpose is the Dijkstra's algorithm, which solves a shortest-path problem on an undirected, non-negative, 
weighted graph. To use it within the context of real-world transportation data, this algorithm is modified to respect 
user settings such as one-way restrictions, turn restrictions, junction impedance, barriers, and side-of-street 
constraints while minimizing a user-specified cost attribute. The performance of Dijkstra's algorithm is further 
improved by using better data structures. In addition, the algorithm needs to be able to model the locations anywhere 
along an edge, not just on junctions. 
Dijkstra’s algorithm is a method for finding the properties of a network when it represented as a graph, i.e., the 
shortest path between two graph nodes. It functions by constructing a shortest-path tree from the initial node to every 
other node in the graph. The classic Dijkstra's algorithm solves the single-source, shortest-path problem on a 
weighted graph. To find a shortest path from a starting location S to a destination location D, Dijkstra's algorithm 
maintains a set of junctions, J, which can produce the final shortest path from S to D. The algorithm repeatedly finds 
a junction in the set of junctions that has the minimum shortest-path estimate, adds it to the set of junctions J’, and 
updates the shortest-path estimates of all neighbors of this junction that are not in J. The algorithm continues until 
the destination junction is added to J’. The worst-case running time for the Dijkstra’s algorithm on a graph with n 
nodes and m links is O(n2), because it allows for directed cycles. It even finds the shortest paths from a source node 
n to all other nodes in the graph. This is basically O(n2)  for node selection and O(m) for distance updates (Lalou, 
Tahraoui, & Kheddouci, 2015; Möhring, Schilling, Schütz, Wagner, & Willhalm, 2005; Pemmaraju & Skiena, 2003; 
Whiting & Hillier, 1960). 
An extension to the classic Dijkstra’s algorithm is the Service Area solver. Its goal is to return a subset of 
connected line features such that they are within the pre-specified network distance or cost cutoff.  Service area 
solver can also returns the lines categorized by a set of break values that a link may fall within. A network service 
area is a region that encompasses all accessible streets (that is, streets that are within specified distance toward the 
facility). For instance, the 5-minute service area for a facility on a network includes all the streets that can be 
reached within five minutes from that facility. Service areas created by Network Analyst also help evaluate 
accessibility. Once service areas are created, another analysis can be conducted to evaluate a facility’s level of 
service, such as how much area, how many people, or how much the percentage of covered area is within the 
neighborhood or region.  
The service area solver can generate lines, polygons surrounding these lines, or both. The polygons in Service 
Area solver are generated by putting the geometry of the lines traversed by the Service Area solver into a 
triangulated irregular network (TIN) data structure. A polygon generation routine is used when the resulted service 
area has different regions based on the specified break values. The Service Area polygons represent the threshold of 
a particular cost, i.e. travel cost or travel time to access the nearest facility (Luo & Wang, 2003). Compared to the 
traditional service analysis that generate circles to represent service area, network analysis in GIS environment 
simulated travel time on street network to access the facility for each location within the boundary of analysis (Luo, 
2004).  
2. Result and Discussions 
Petrol Filling Stations (PFS) in Surabaya City that included in this paper are facilities where gasoline or other 
fuels are sold, which may also provide services such as maintenance and minor repair. A gas station consists of a gas 
bar with gasoline outlets and typically other associated facilities such as car washes, automotive services, 
convenience stores and food services (Aulia & Matori, 2010). The first analysis to evaluate the characteristics of 
PFS in Surabaya City is the shortest distance between them, which is calculated by the Shortest Route Finder. The 
minimum distance between two adjacent PFS is 300 meters, while the maximum distance between two adjacent PFS 
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is 4 kilometers. The average distance between two adjacent PFS is about 1.3 Kilometers, as shown in figure 2 
below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Shortest Distance between Petrol Filling Station 
The spatial distribution and adjacent PFS in Surabaya City can be seen in figure 3. Most PFS are located in 
central area of Surabaya City, especially in the North-South Corridor. Only small number of PFS is available in the 
eastern and western part of this city, which indicates that transportation network is relatively less developed in this 
two areas compared to the central part of Surabaya City. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Map of Nearest Petrol Filling Stations 
The most generic method to evaluate service area for public facilities is by generating Thiessen Polygons  
(Aurenhammer, 1991; Croley & Hartmann, 1985; Fiedler, 2003; Mu, 2009; Nicholls, 2001), which is an assigned 
proximity polygons to each of the facilities. Despite its simplicity, Thiessen polygons can play four roles in service 
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area analysis, which  are as models for spatial processes, as nonparametric techniques in point-pattern analysis, and 
as organizing structures for displaying spatial data, and for calculating individual probabilities in point patterns 
(Aurenhammer, 1991). Service area for each PFS in Surabaya City in form of Thiessen Polygons can be seen in 
figure 4 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Spatial Allocation of Petrol Filling Station 
The next analysis for spatial service of PFS in Surabaya City is their catchment area based on the required travel 
time to access the nearest PFS. Five cut-off values are implemented, which are 5 minutes, 10 minutes, 20 minutes, 
30 minutes, 45 minutes, and more-than 45 minutes to access the nearest PFS. The generated polygons for each of the 
cut-off values can be seen in figure 5. 
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Fig. 5. Travel Time to Nearest Petrol Filling Station 
The largest service area for PFS in Surabaya City is within 0-5 minutes, which is 94.87 km2, or 29.17% of 
Surabaya City. The smallest service area is within 30-45 minutes that covers 11.5 Km2 or 3.55% of the whole area 
of this city. Results from the analysis of required travel time to nearest PFS indicate that Surabaya City, in average, 
already have an adequate PFS to serve its residents. Detailed information about the spatial service of PFS in 
Surabaya based on required travel time to access the nearest PFS can be seen in table 1 below. 
 
                                        Table 1. Travel Time to Nearest Petrol Filling Station 
Travel Time (Minutes) Size (Km2) % 
0 - 5 94.87 29.17 
5 - 10 81.71 25.13 
10 - 20 75.85 23.32 
20 - 30 22.11 6.80 
30 - 45 11.55 3.55 
>45 39.11 12.03 
Total 325.20 100.00 
 
Another parameter to evaluate the spatial service of PFS in Surabaya City is based on the distance to the nearest 
PFS. Cut-off values for this analysis is 0-500 meters, 500-1,000 meters, 1,000-2,000 meters, and 2,000-5,000 
meters. Generated polygons for each of those cut-off values are shown in figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Travel Distance to Nearest Petrol Filling Station 
The largest proportion of travel distance to nearest PFS in Surabaya City is between 1 kilometers to two 
kilometers, which is 108.91 km2 or 33.83% of the size of Surabaya. On the other hand, the smallest distance to 
nearest PFS is between 0-100 meters, which is around 0.81% of Surabaya City. The size and proportion for each 
cut-off values can be seen in table 2. 
 
                Table 2. Travel Distance to Nearest Petrol Filling Station 
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Distance (Meters) Size (Km2) % 
0 - 100 2.59 0.81 
100 - 500 38.25 11.88 
500 - 1000 71.23 22.12 
1000 - 2000 108.91 33.83 
2000 - 5000 100.97 31.36 
Total 321.96 100.00 
4. Conclusions 
The most common method to evaluate the Level of Service (LOS) of public facilities is by presenting them in 
form of tables that show the numerical indicators such as a facility’s capacity, number of people who access the 
facility, the quality of service, etc. Another way to evaluate the LOS of public facilities is by calculating their Spatial 
Level of Service, which is ranged from a simple generation of Thiessen Polygons to a more elaborate analysis that 
includes various network parameters such as travel time, travel distance, and even detailed network rules, such as U-
turn limitations and traffic restrictions. The results of the Spatial LOS can be presented as thematic maps that show 
the level of service of a particular facility based on different parameters, thus can make it easier for stakeholders to 
evaluate its characteristics and coverage for the whole city.  
The results from the analysis indicate that Surabaya City have various degree of spatial service of PFS, both in 
term of required time and distance to access the nearest PFS. Spatial Level of Service (LOS) of PFS in Surabaya 
City is considerably higher in city center and north-south corridor of the city, while in the eastern and western parts, 
Spatial LOS of PFS are lower.  
In this paper, network parameters such as travel speed along the network were considered as constant. However, 
actual parameter may not homogenous throughout the day, in a sense that some times the average vehicles’ speed is 
lower, i.e. in morning rush hours, compared to other times. This variation of actual network parameters was not 
included in the calculation of the spatial LOS of PFS in Surabaya City. Future works to evaluate Spatial Level of 
Service of Petrol Filling Stations in Surabaya City or any other types of facilities in urban environment can also 
include the dynamics of network parameters to improve the accuracy of the analysis.  
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